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 The CDF detector

* CPviolationin B, 2 J/y ¢
* Search for By, 2 uu

* b2 suu

* B> hh CP asymmetries
DO - KK and D° - mw CP asymmetries
* Summary

All results use the full Run 2 dataset.
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* dimuon trigger
— for decays with J/y = uu, and rare decays to dimuons
— muon p; > 1.5 GeV/c, |n| <1.0

* displaced vertex trigger
— for hadronic charm and bottom decays
— 2 tracks, opposite charge, p; > 2.0 GeV/c
— impact parameters 100um < d < 1000um
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SM predicts tiny CP violation in B, mixing.

New physics can be the dominant effect.
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Very complex likelihood fit, 11 physical parameter 35 nuisance:
use mass, angles, decay-time and production flavor distributions

@
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CDF Run Il Preliminary L = 9.6 fb™
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CDF Run 2 Preliminary, L = 5.2 o'
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2r : : IS - —— Amplitude A
- - B = JWK E 15F Sensitivity: 37.0 ps™
- Q_ . -
9 1.5 S, =1.08 = 0.05 =
= <
5 L
— I
0 [
O osf
o C
e B
: L
3
® -
D -0.5—
> .
b —0z 04 o6 08 1 1.5 —— '1|o' — 'zlo' — '3|o'
Predicted OST Dilution Mixing Frequency in ps™
Opposite side tagging Same side kaon tagging
calib. for 9.6fb! calib for 5.2fb?!

7/23/2012 8



CDF Run Il Preliminary L = 9.6 fb ™

900 900 900
800f 800f
8 700 + g 700
sebttytin i |8 +
o : (=} F
> 500F 1 f I > soof -H' +
g 400f — Sideband subtracted data 8 400F
%) : %) :
© 300F — Fit projection T 300
() C () F
> - > -
T 200E AT 200E
100F 100F
: lllllllllllllllllll : llllllllllll
23 -0.5 0 05 1 % 2 4 6
coso d [rad]
Results:
eSults.

T, = 1.528 + 0.019 (stat) = 0.009 (syst) ps
AT, =0.068 + 0.026 (stat) £ 0.007 (syst) ps™
|A,(0)|2=0.512 £ 0.013 (stat) £ 0.017 (syst)
|A,,(0)]*=10.229 £ 0.010 (stat) + 0.014 (syst)

&, =2.79 £0.53 (stat) £ 0.15 (syst) rad
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CDF Run Il Preliminary L=9.6 fb™
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http://www-cdf.fnal.gov/physics/new/bottom/120419.blessed-BsJpsiPhi10fb/
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* FCNC decay sensitive to NP contributing in loops.
* Predicted branching fractions are small

BB — ™) =(1.0+£0.1) x 101"
B(B) - utp ) =(3.24+0.2) x 107

* With 7 fb™! CDF observed an excess in the B,
window at the 20 level.

e Want to see if the excess is reinforced or not.
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* Unbiased (blinded) analysis
 Dimuon triggered data
* Normalize to B* =2 J/y [uu] K* with

+ - NB d xp. 8t0fal 1 f + + + -+
BR(B, =) == o B e et g = k)
B* By TBswy By s

* Baseline event selection (acc. and eff.)

* Neural Net to optimize expected limit
— Reuse NN from 7 fb! analysis without retraining

e Evaluation of backgrounds
* Unblind the signal region and evaluate

7/23/2012 13



CDF Run Il Preliminarny at =6.11 fb’’
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< 4.6 x 1072 at 95% CL
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p-value = 0.94%
(bkgd only)
p-value =7.1%
(bkgd + SM sig.)

Excess remains but is not reinforced with additional data.

background-only fit returns p-value greater than 20
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expected B(BY — uTp~) <13 x 1077 at 95% CL

B(BY — utp~) = (13;”;) x 107

June 2012
I

I ' ' I
-1
D0 6 fb
PLB 693 (2010) 539
-1
CDF 7 fb
PRL 107 (2011) 191801
-1
CDF 10 fb
www-cdf.fnal.gov/physics/new/bottom/120209.bmumu10fb/

ATLAS 2.4 fb"

arXiv:1204.0735

CMS 4.9 fb™

JHEP 04 (2012) 033

LHCb 1 fb™

arXiv:1203.4493

LHC Combination

CMS-PAS-BPH-12-009

SM Prediction

I(68% QL regi9n) | . . . |
0 20 40
7/23/2012 BF(BS_>M+M-)X 109 @ 95% CL
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* Also a FCNC decay.

 We observe 6 different decay modes.
— CDF made first observation of B, 2 guu and A, 2 Auu

* Branching fractions are at the 10° level.

* Increase sensitivity to NP by looking at angular
asymmetries.

. http://www-cdf.fnal.gov/physics/new/bottom/120628.blessed-b2smumu_96/
7/23/2012
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H_had Signal mode Control sample
o> — ™ BO->K™up BO-> /K™
At B*>Kup B*>J/yK*
KO K
B> dbuu B,/ W
Koo B*2>K™*up B*>J/ WK™
\K Kt /\épnj BOD K pp BO> )/ WK,

M@ N, \pp N2/ WA

@ Start from dimuon trigger
@ Reconstruct H,>H_p S
Dimuon mass

@ Optimize event selectlon with NN

OBR measurement ] 12 channel analysis!

400

350

300f
250
200
150
100
50
0

@ Angular analysis ]
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CDF Run Il Preliminary L=9.6fb™
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Difference between
K™+ and K0 rates

LHCDb sees a 40 effect.

7/23/2012

<_ 2
1.5
1

0.5/
of

-0.5
-1
-1.5

R —

e —
CDF Run Il Preliminary L=9.6fb"

+B—>Kuu
+ B Ku'w

Lol il
0246 8 10121416182022

| T Y T e
-

o2 (GeV?/c?)



T 55[10.09<0°<12.86 (GeV3/c?)

=3 ®Data
@ One can extract information from 830 Sl . .
. . . g 25} :_-.ggSwap K* polarization
the decay angular distribution (ol

Fy

R i R T
%05 0 05 1
cosO,

3 3
EFL cos? Ok + Z(l — FL)(l — cos? QK)

10.09<q°<12.86 (GeV?/c?)
3 HWData
S

S b ) ~go A_(2) Transverse polarization
~Signal e T asymmetry
.
4 )
FB Asymmetry Aim Triple product asymmetry
A ) ’
FB

1 1 —
> [1 + 5(1 — FL)AY cos2¢ + Ajy sin 2¢
T

7/23/2012 23




Simultaneous fit
with K*0 and K**

Asg

A,

CDF Public
Note 10894
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e Suppressed charmless decay modes

* NP can interfere with SM decay, yielding sizable
asymmetries.

e B% = K'mt* asymmetry can be used in a model
independent test of SM.

— M. Gronau and J. L. Rosner, Phys. Lett. B 482, 71 (2000)
— H.J.Lipkin, Phys. Lett. B 621, 126 (2005)

* A, asymmetries could contain interesting physics.

http://www-cdf.fnal.gov/physics/new/bottom/120628.blessed-Bhh9fb/
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CDF Run Il Preliminary fL ot =9.30 fb™
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 Complex fit of
— 8 modes
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shapes
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e Use more than
just inv. mass

e Correct for det.
effects
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CDF Run I Preliminarny dt=9.30fb™
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Acp(B? — Ktr7) = —0.08340.013 (stat.) £ 0.003 (syst.),

Acp(BY = K nt) = 40.2240.07 (stat.) £ 0.02 (syst.),
Acp(A) — pr™) = +0.07 £0.07 (stat.) = 0.03 (syst.),
Acp(A) — pK~) = —0.09 £ 0.08 (stat.) £ 0.04 (syst.)

CDF Public Note 10726
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* Predicted to be small in the SM
— early predictions were less than 10
— but predictions for charm are difficult.

e Real difficulty is to cancel detector induced

asymmetries.
The KK and str asymmetries are of opposite sign in
SM

— the difference is particularly sensitive
— and most detector asymmetries cancel in the difference

e Use D™ - DO 7 and c.c. to tag D° production flavor.

http://www-cdf.fnal.gov/physics/new/bottom/120216.blessed-CPVcharm10fb/

29

http://www-cdf.fnal.gov/physics/new/bottom/100916.blessed-Dpipi6.0/
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Candidates per 0.1 MeV/c?
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L P 1 L N(D**—D° (— Kn*) nt) = 2476700 + 2007 ] = 2 N(D°— K'n*) = 7257239 + 3445
w2ndf = 325/3087 > s S L : 1
- 12 - xeindf = 385/3041 2 i x2/ndf = 250/232 |
B 7 - 150+ | Te} : Data (59 qu) :
6000— — ; L 1 s L : _
i Data (5.9 fb™) 1 2 ) g 157 —_Fit 1
) r Data (5.9 fb™) 1 & i D — Kn RS ]
I — Fit 1 & i . 1 2 i . D—KaxWS 1
I 1 2 o0l — 18 D— ]
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% i 1 O L |
O L _ - 4
2000 5

k : 22 24
057005 . . , 502

ariant K'n*-mass [GeV/c?]
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* indicates D* tagged decay.

Weight events to match p; and v distributions.

7/23/2012 30



E i R — R —

Acp(nTn™) =[0.22 £ 0.24(stat) £ 0. 11(sys)]
Acp(KTK™) = [—0.24 £ 0.22(stat) £ 0.09(sys)] %

World’s best measurements.

Measured CP asymmetry is a combination
of direct and indirect CP asymmetries.

Acp = Agp + / Acp(t)D(t)dt ~ A%, + <_> Aind
0

Line in the direct-indirect asymmetry pIane.

7/23/2012 31



e 2010—-2011: CDF measures ACP in D° - st and

- KK separa

tely

L | T | T T T T | T T T T
&, . CDF |
B = BaBAR 2008
B 25 -
A Il Betle 2008 |
Q e NoCPV
« O
T O
< E
0 -
L —— 2.dim 68% CL
oL 2-dim 95% CL Y
—e— 1-dim 68% CL
C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
-1 -0.5 0 0.5 1
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|3

PRD 85, 012009 (2012)
8T T T mer
;z — = BABAR 2008 ]|
¥ i i
L Il etie 2008
a = e NoCPV |
55 '
2, _ _
— — 2-dim 68% CL B
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- —0—1-dirr|1 68% CL | |
-1|III—O.5HHOHHO.5HH1

CDF: Charm Detector Facility?

AS(D°—=K*K) [%]

0
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¢ F O r AACP i<1|0‘°’I IIIIIIIIIIIIIIIIIIIII CDF Run III Plrelfmina}ry_

measurement,
selection can be
loosened, and full data
set used =2 more than
doubling the statistics.

- Data (9.7 fb™)
—Fit ]

........ D deCays . n
I Random pions ]

- D = D° (= K'K) xi? + D" =D (= KK)x .

o
T

Candidates per 0.1 MeV/c?
8 5 g
|

e Cross check with data °=

blnned In drﬁ:e rent T]’ (I) 12-_2.05?: 201 2015 — 2005 201 2.01:% :l202
Fe g | ons. Invariant D’z -mass [GeV/c?]
Adcp = (—0.62 4 0.21 + 0.10)%
arXiv:1207.2158
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Summary

CDF results with the full run Il da\ta§et

CP violation in B, 2> J/y ¢is endlng tQ/SIVI pred.

Search for B, 2 uuand b~ }3\\ conystent with
SM o //'s‘.,,\} _——

//,}" =% -
\
~N

TR .
B > hh’, D° > KK, and D® /7//'/// S WJ”Q
provide tests of the SM ,7” \\

More results are in the plpelmé/

57,012




